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ABSTRACT
The periodicities associated with some geomagnetic field parameters
under quiet and disturbed solar conditions have been examined using a
set of data spanning through five years obtained courtesy of
INTERMAGNET network. Hourly values of the Horizontal component of
the geomagnetic field simultaneously obtained at seven INTERMAGNET
stations were engaged in the study. The stations were well distributed
across the latitudes, viz: Bangui, 4.4 N; Kourou, 5.1 N; Alibag, 18.6 N;
San Juan18.1N; Crozet, 46.4S; Barrow,71.3N; Scott Base, 77.9S). Solar
quiet daily variation Sq, Superposed Magnetic field SPMF and Solar
disturbance daily variation SD in the horizontal magnetic field
component were evaluated and studied for their spectral characteristics.
The spectral analysis revealed the periods of 6 hours, 12 hours, 24 hours,
3 months, 6 months, 12 months and 16 months in the geomagnetic field
variations. The observed periodicities were explained in terms of
associated solar terrestrial processes. This clearly shows the influence of
an extra terrestrial source (the Sun) on terrestrial processes. Sun is the
undisputable driver of space weather
© 2019 Faculty of Engineering, University of Maiduguri, Nigeria. All rights reserved.
1.0 Introduction
The study of the ionosphere, and the region beyond it, has continued to attract
attention due to its growing importance in several space-dependent technologies (Rabiu
et al., 2007a). For example, Okoh et al. (2016) explained how ionospheric radio waves
propagating through the ionosphere may experience frequency-dependent group
delays as sources of error for the Global Navigation Satellite System (GNSS) and its
dependent systems. The variability of ionospheric total electron content TEC has a very
good practical importance in communication systems, and navigation control
application (Ayorinde et al., 2016). Variations in the ionosphere often manifest as
variability in the earth ’ s magnetic field. The geomagnetic field pervades the region
around the Earth, extending to several times the radius of the Earth. Sun related activity
plays an important role in producing several electric and magnetic processes, which in
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turn affects the magnetic field of the Earth. The impact this activity has on the magnetic
field of the Earth can be observed to follow a somewhat regular pattern.
Mursula and Zieger (2000) studied the occurrence of mid-term quasi-periodicities
“MTQP” in solar wind “SW” speed since 1964 and in geomagnetic activity since 1932 and
found that the spectral structure in the mid-term period range is very similar in these
two variables over the whole common time interval of nearly 40 years of direct SW
measurements. Prestes et al. (2006) observed that the 11-year solar cycle and the
associated variability that it causes on the Earth’s electromagnetical environment – the
geospace- has been widely studied in the last decades. Nevertheless, the long-term
relation between the solar and geomagnetic activity is a topic of intense research and it
is not well understood at present (Gonzalez et al., 1990; Gorney, 1990; Cliver et al., 1996;
Stamper et al., 1999; Echer et al., 2004).
The time rate of occurrence of a phenomenon is an essential concept in the scientific
world, hence, scientists and meteorologists observe phenomena in terms of time series,
as this gives a clearer description and understanding of such phenomenon and provide
us with information on its periodicity. The space researchers have been able to use and
are still using this tool to unravel the complex variations - both long-term and short-
term - associated with the Earth’s magnetic field. For example, researchers were able to
deduce from time series observation a solar cycle of 11 years. This singular discovery has
aided a better understanding of phenomenon and variations associated with the
geomagnetic field.
This present study employed the fast Fourier transform to perform a spectral analysis on
the hourly and monthly average time series of the solar quiet daily variation Sq,
disturbance daily variation SD, and superposed magnetic field, SPMF of the horizontal
component of earth’s geomagnetic field from 1996 through 2002. The primary objective
is to identify the probable occurrence of solar activity related periods in the variations of
the geomagnetic components.
2. Methodology
The data set consists of hourly values of horizontal component of the geomagnetic field
intensity, H, for the years 1996 to 2002, obtained at four equatorial stations: Bangui,
Kourou, Alibag, and San Juan SJG; one middle latitude station: Crozet; two high latitude
stations: Barrow and Scott Base. Table 1 presents the position coordinates of the stations.
The data was obtained courtesy of the INTERMAGNET network. INTERMAGNET is a
global network of observatories monitoring the earth’s magnetic field. Hourly values of
the horizontal component H of the geomagnetic field intensity on international quiet
days IQDs and disturbed days IDDs for the years 1996 to 2002 were utilized in this study.
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Table 1: Coordinates of the geomagnetic observatories
S/N Location Station Code Geographical Coordinates
Latitude (N) Longitude (E)
1 Bangui BNG 4.4 18.5
2 Kourou KOU 5.1 307.3
3 Alibag ABG 18.6 72.9
4 San Juan SJG 18.1 293.9
5 Crozet CZT -46.4 51.9
6 Barrow BRW 71.3 203.4
7 Scott Base SBA -77.9 172.8
Daily variation baseline values were obtained from the mean of the four hourly values, of
the horizontal component H of the geomagnetic field intensity on a particular day,
flanking the local midnight- that is 1h LT, 2h LT, 23h LT, 24h LT. The daily baseline value
is subtracted from the daily hourly values, to obtain the hourly midnight departure
values. The hourly midnight departures were further corrected for the non-cyclic
variation after Vestine (1967) and Rabiu et al., (2007b). The hourly departure corrected
for non cyclic variation gave the corrected solar daily variation.
Solar quiet daily variation, Sq, was evaluated by estimating the solar daily variation as
described above on international quiet days only. The monthly hourly means of the
estimated values then gave the hourly Sq. Solar disturbed daily variation, Sd, was
obtained by estimating the monthly hourly means of the solar daily variation on
international disturbed days. The difference between Sd and Sq of a particular month is
the monthly disturbance daily variation and is defined as:
SD = Sd – Sq (1)
(Mitra, 1947; Rastogi, 2000)
We defined the Superposed Magnetic Field SPMF as follows:
SPMFt = Sqt – mean (Sqt) (2)
where: SPMFt is the SPMF value at t h; Sqt is the hourly Sq value at t h; mean (Sqt) is the
mean of the hourly Sq values for each individual t h, for the five international quietest
days of month. SPMF is an improvement over the superposed field proposed by
Onwumechili (1997) and is a measure of ionospheric contributions to geomagnetic field
variations.
Periodograms shown in Figures 1 -7 are then obtained by the fast Fourier transform FFT
technique using a MATLAB® based algorithm. Figures 1 and 2 show the spectra of the
hourly Sq in Horizontal intensity of the geomagnetic field as obtained for the years 1996
and 1999 respectively. Figures 8, 9 and 10 present the spectra of the monthly averages
of Sq, SD and SPMF respectively over the years 1996 – 2002 (84 months).
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Figure 1: Periodograms showing the periods associated with Sq(H) hourly means for the
year 1996
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Figure 2: Periodograms showing the periods associated with Sq(H) hourly means for the
year 1997
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Figure 3: Periodograms showing the periods associated with Sq(H) hourly means for the
year 1998
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Figure 4: Periodograms showing the periods associated with Sq(H) hourly means for the
year 1999
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Figure 5: Periodograms showing the periods associated with Sq(H) hourly means for the
year 2000
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Figure 6: Periodograms showing the periods associated with Sq(H) hourly means for the
year 2001
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Figure 7: Periodograms showing the periods associated with Sq(H) hourly means for the
year 2002
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Figure 8: Periodograms showing the periods associated with Sq(H) monthly means
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Figure 9: Periodograms showing the periods associated with SD(H) monthly means
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Figure 10: Periodograms showing the periods associated with SPMF (H) monthly means
Table 1 presents the obtained periods through FFT method of the hourly Sq (H) for each
of the years 1996 - 2002. Table 2 shows the obtained periods of the monthly Sq, SD and
SPMF series for the years 1996 – 2002.
Table 1: Periods associated with the Sq hourly means from 1996 through 2002
Station Lat. () Period (hours)
1996 1997 1998 1999 2000 2001 2002
BRW 71.32 8,12,24,42 6,8,12,24,36,48
12,18,24,
36
12,18,24,3
6,42,60,98
6,12,24,3
6
12,20,
24,36, 60
12,18,24 ,42,
60,98
ABG** 18.64 6,8,12,36 8,12,24 8,12, 24 8,12,24
8,12,24,4
8 8,12,24 8,12,24, 48
KOU 5.10 8,12,24 8,12,24 12,24,48 12,24 8,12,24 12,24 8,12,24
BNG 4.44 8,12,24 8,12,24 8,12, 24 8,12,24 8,12,24 8,12,24 8,12,24
CZT -45.43 6,8,12,24 6,8,12,24
6,12,
24,30 6,8,12,24
6,8,12,
20,24 6,8,12, 24 6,8,12,24
SBA -77.85 12,24,36 12,18,24, 60
12,20,24,
36,48 12,24,60
12,18,24,
42,60
12,18,
24,36 12,24,48, 98
*data for SJG and not ABG was used to evaluate hourly Sq in 1996.
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Table 2: Periods associated with Sq, SD and SPMF monthly means (1996-2002) as
depicted by the peaks in the periodograms of the horizontal intensity (H)
Station
Geog Latitude
()
Period (months)
Sq SD SPMF
BRW 71.32 3,6,12,42 2,3,6,7,12,18 6,8,10,12,16,42
SJG 18.38 3,6,9,12 2,3,4,6,8,10,12,21 8,10,12,16
KOU 5.10 6,12 2,3,6,8,10,12,21,42 6,8,10,12,30
BNG 4.44 6 3,6,10,16 6,8,10,12
CZT -45.43 6,12 3,6,9,12,21 6,10,12
SBA -77.85 12 3,4,8,12,21,42 6,8,10,12
3. Results and Discussion
3.1. Sq(H) Hourly spectra
Table 1 presents clearly periods of 12-hour and 24-h as common to all the stations,
irrespective of their latitudinal differences. The 24 h period signifies a 1-day periodicity
in the observation which is reflected in the diurnal variation of Sq, while the 12-h period
corresponds to semidiurnal variation which may be due to lunar modulation as
proposed by Gouin (1962). This diurnal variation has been ascribed to the augmentation
of the geomagnetic field by solar activity in daytime in consistency with the atmospheric
dynamo theory of the geomagnetic variations (Onwumechili and Ezema, 1977). There
are also additional periods (in hours) for the six stations as indicated in Table 1.
3.2. Monthly spectra of Sq(H), SD(H) and SPMF(H).
From Table 2, a 12-month period is noticed in each station except BNG. This represents
a 12-month periodicity which is consistent with those observed in the planetary Sq
variation and it indicates that Sq(H) undergoes an annual modulation which is mostly as
a result of a 12-month oscillation (Arora et al., 1982). The non-prominence of the peak at
the equatorial stations SJG and KOU corroborates Yacob ’s (1975) observation that the
amplitude of the annual line does not show enhancement in the equatorial electrojet
region. We also observe a 6-month periodicity which is common with those found in the
planetary Sq semi-annual variation (Rabiu, 2001, 2004). While the 6-month and 12-
month are expected there are additional periods of 3 months and 42 months in BRW
and a period of 9 months in SJG. The 3- and 6-months periodicity manifested in form of
seasonal variation of the Sq(H) which is solar controlled.
The monthly spectra of SD(H), as listed in Table 2, reveals the existence of a period of 6
months for all the six stations indicates a 6-month periodicity which is known to be
associated with the semi-annual variation of geomagnetic activity (Prestes et al., 2006).
There is also a period of 12-month, which is pronounced in the high latitude region BRW
and SBA; and the middle latitude station CZT. As observed by Yacob (1975), this also
indicates that the amplitude of oscillation does not show enhancement in the electrojet
region.
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The SPMF spectra yielded a period at the 12-month line in all the stations which
indicates a 12-month periodicity of the H component under superposed magnetic field
(See the 5th column of Table 2). There is also a peak at the 6-month line in all the six
stations which signifies the 6-months periodicity associated with geomagnetic activity.
The seasonal variability depicted by the observed 3-months periodicity in Sq may be due
to the ionospheric wind variations, atmospheric tidal forces, distant current systems such
as current in the magnetosphere and the seasonal variation of the ionospheric electron
current (Rabiu, 2001).
The 6-month period in Sq, SD and SPMF is obviously related to the semiannual variation
of geomagnetic activity, which according to Prestes et al. (2006), is characterized by a
greater geoeffectiveness at equinoxes than at solstices (Rabiu, 2001, 2004). This semi-
annual variation may be due to the annual and semi-annual changes that are observed
in the Earth’s heating and ionization during the yearly path around the Sun (Campbell,
1982). This semiannual effect in geomagnetic activity is explicable in terms of three
possible mechanisms: Russell–McPherron effect (RM), the equinoctial hypothesis and the
axial hypothesis (Russell and McPherron, 1973; Clu´a de Gonzalez et al., 1993). The RM
effect is a projection effect that depends on the season. The interplanetary magnetic
field in the heliocentric coordinate system has a component in the south direction in the
solar magnetospheric coordinates, maximized in March and September equinoxes. In
the equinoctial hypothesis, the geomagnetic activity is at its maximum when the angle
between Sun–Earth line (solar wind flux direction) and the geomagnetic dipole is 901,
and lower in other epochs. This effect reduces the efficiency of solar wind –
magnetosphere coupling during solstices. In the axial hypothesis, the peaks in
geomagnetic activity occur when Earth is in higher heliolatitudes, where it is better
aligned with any coronal mass ejection flux. Clu´ a de Gonzalez et al. (1993) have shown
that the three effects are working together to produce the geomagnetic activity
variation and they suggested that these mechanisms acting as modulators in the
geomagnetic response for transient solar coronal mass ejections. Cliver et al. (2000), on
the other hand, suggests that the equinoctial hypothesis explains in a better way the
semiannual fluctuations than RM and axial mechanism. They have estimated that
equinoctial mechanism is responsible for around 65% of the seasonal modulation
whereas RM and axial have between 15% and 20% each in the modulation.
The annual periodicity (12-month periodicity) observed in the Sq, SD and SPMF is a
reflection of the annual variation in geomagnetic activity. Annual variation is also known
in solar wind (SW) speed, temperature and density (Bolton, 1990; Paularena et al., 1995;
Szabo et al., 1996). Szabo et al. (1996) showed that annual variation in solar wind speed
is strongest around solar minima. Zieger and Mursula (1998) have observed a very
similar annual variation in solar wind speed and geomagnetic activity during the whole
period of direct solar wind observations including the four solar minima before 1998.
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16 months periodicity observed in SPMF at BRW (71.3 N) and SJG (18.38 N); and SD at
BNG (4.4 N), is quite similar to the 1.3 yrs periodicity observed by Paularena et al. (1995)
which occurred concurrently in Solar Wind Speed and geomagnetic activity after 1987.
Szabo et al. (1995) discovered the 1.3-year variation in the IMF north-south component.
A strong, slightly longer periodicity of about 1.7 years ( 20.5 months) comparable with
the 21-month periodicity found only in solar disturbance daily variation SD (see the 4th
column of Table 2) was also found in cosmic rays during solar cycle 21 (Valdes-Galicia et
al., 1996). Moreover, the 1.3-year periodicity has been observed in the variation of the
solar rotation speed around the tachocline at the bottom of the solar convection layer
(Howe et al., 2000). This observation gives additional importance for mid-term
periodicities by suggesting that they are related to the variation of the solar dynamo and
the emergence of magnetic flux. Valde’s Galicia et al (2005) investigated the fluctuations
in the total, open and closed solar magnetic flux (SMF) for the period 1971–1999 and
found periodicities around 1.3 and 1.7 yr in the SMF with alternating importance during
consecutive even and odd solar cycles. These fluctuations are directly related with
variations present in cosmic rays, solar wind parameters and geomagnetic activity
indexes. They asserted that it is through the magnetic flux that the solar dynamo
influences several heliospheric phenomena.
Mursula and Zieger (2000, 2001) and Mursula et al. (2003) investigated the behaviour of
the solar wind for several solar cycles and geomagnetic indices up to 15 solar cycles
back in time. Their findings report the existence of variations with periodicities of around
1.3 and 1.7 yr in the analysed parameters that alternate in consecutive solar cycles since
1930, with the former dominating in even cycles and the latter appearing during odd
cycles. More recently, Mursula and Vilppola (2004) investigated the behaviour of
periodic variations in the solar wind and the IMF in the inner and outer heliosphere. They
found that the 1.3 and 1.7-yr periodicities were present with different time behavior
during solar cycles 21 and 22. More importantly the observed 1.3- and 1.7- yr periods in
Sq, SD and SPMF are rooted in solar activity.
4.0. Conclusion
Investigation of the spectra associated with the H component of the geomagnetic field
under quiet solar condition Sq, disturbed solar condition SD and superposed magnetic
field SPMF using the data set that consists of hourly horizontal component H of the
geomagnetic field intensity obtained simultaneously for the period 1996 through 2002
from seven observatories being coordinated by the INTERMAGNET network revealed the
periods of 6 hours, 12 hours, 24 hours, 3 months, 6 months, 12 months and 16 months
in the geomagnetic field components. These periods are associated with solar activities.
This clearly shows the influence of an extra-terrestrial source (the Sun) on terrestrial
processes. Sun is the undisputable driver of space weather.
Acknowledgements
The authors wish to acknowledge the Management of INTERMAGNET network of
observatories, especially the directors of the observatories at Bangui, Kourou, Alibag,
Arid Zone Journal of Engineering, Technology and Environment, June, 2019; Vol. 15(sp.i2):223-241. ISSN 1596-2490;
e-ISSN 2545-5818; www.azojete.com.ng
Corresponding author’s e-mail address: tunderabiu2@gmail.com
239
San Juan, Crozet, Barrow, and Scott Base for making available the data used for this
research.
References
Arora, BR., Sastri, NS. and Bhargava, BN. 1982. Spectral characteristics of the
Geomagnetic Field Associated with Equatorial Electrojet and Counter Electrojet in the
Indian Region. Indian Journal of Radio and Space Physics, 11: 129-132.
Ayorinde, TT., Rabiu, AB. and Amory-Mazaudier, C. 2016. Inter-hourly variability of Total
Electron Content during the quiet condition over Nigeria, within the Equatorial
Ionization Anomaly region. Journal of Atmospheric and Solar-Terrestrial Physics, 145:
21–33.
Bolton, SJ. 1990. One-year variations in the near-Earth solar wind ion density and bulk
flow velocity. Geophysical Research Letter, 17: 37-40.
Cliver, EW., Boriakoff, V. and Bounar, KH. 1996. The 22-year cycle of geomagnetic and
solar wind activity. Journal of Geophysical Research ,101: 27091–27110.
Cliver, EW., Kamide, Y. and Ling, AG. 2000. Mountains versus valleys: semiannual
variation of geomagnetic activity. Journal of Geophysical Research, 105: 2413.
Clu ´ a de Gonzalez, AL., Gonzalez, WD., Dutra, SLG. and Tsurutani, BT. 1993. Periodic
variation in the geomagnetic activity: a study based on the Ap Index. Journal of
Geophysical Research, 98: 9215–9231.
Echer, E., Gonzalez, WD., Gonzalez, ALC., Prestes, A., Vieira, LEA., Dal Lago, A., Guarnieri,
FL. and Schuch, NJ. 2004. Long-term correlation between solar and geomagnetic activity.
Journal of Atmospheric and Solar-Terrestrial Physics, 66: 1019–1025.
Gonzalez, WD., Gonzalez, ALC. and Tsurutani, BT. 1990. Dual peak cycle distribution of
intense geomagnetic storms. Planetary and Space Science, 38: 181–187.
Gorney, DJ. 1990. Solar cycle effects on the near-Earth space environment. Reviews of
Geophysics, 28: 315–336.
Howe, R., Christensen-Dalsgaard, J., Hill, F., Komm, RW., Larsen, RM., Schou, J., Thompson,
MJ. and Toomre, J. 2000. Dynamic Variations at the Base of the Solar Convection Zone.
Science, 287: 2456 - 2460. DOI: 10.1126/science.287.5462.2456
Mitra, SK. 1947. The Upper Atmosphere. The Royal Asiatic Society of Bengal, Calcuta.
Mursula, K. and Vilppola, J. 2004. Fluctuations of the solar dynamo observed in the solar
wind and interplanetary magnetic field at 1 AU and in the outer heliosphere. Solid
Physics, 221(2): 337-349, doi:10.1023/B:SOLA.0000035053.17913.26.
Mursula, K. and Zieger, B. 2000. The 1.3-year variation in solar wind speed and
geomagnetic activity. Advances in Space Research, 25(9): 1939-1942.
Mursula, K. and Zieger, B. 2001. Long-term north-south asymmetry in solar wind speed
inferred from geomagnetic activity: A new type of century-scale solar oscillation?
Geophysical Research. Letter, 28: 95-98.
Rabiu et al: Occurrence of Similar Periods in Geomagnetic Field Variations and Solar Activity. AZOJETE, 15(sp.i2):223-
241. ISSN 1596-2490; e-ISSN 2545-5818, www.azojete.com.ng
Corresponding author’s e-mail address: tunderabiu2@gmail.com 240
Mursula, K., Zieger, B. and Vilppola, JH. 2003. Mid-term quasi-periodicities in
geomagnetic activity during the last 15 solar cycles: Connection to solar dynamo
strength. Solar Physics, 212: 199-205.
Okeke, FN., Onwumechili, CA. and Rabiu, AB. 1998. Day-to-day variability of
geomagnetic hourly amplitudes at low latitudes. Geophysical Journal International,
134(2): 484-500. doi: 10.1046/ j.1365-246x.1998.00564.
Okoh, D., Owolabi, O., Ekechukwu, C., Folarin, O., Arhiwo, G., Agbo, J., Bolaji, S. and Rabiu,
AB. 2016. A regional GNSS-VTEC model over Nigeria using networks: A novel approach.
Geodesy and Geodynamics, 7: 19-31.
Onwumechili, CA. 1997. The Equatorial Electrojet. Gordon and Breach Science Publishers,
Netherlands, pp627.
Onwumechili, CA. and Ezema, PO. 1977. On course of the geomagnetic daily variation in
low latitudes. Journal of Atmospheric and Terrestrial Physics, 39: 1079-1086.
Paularena, KI., Szabo, A. and Richardson, JD. 1995. Coincident 1.3-year periodicities in
the ap geomagnetic index and the solar wind. Geophysical Research Letter, 22: 3001.
Prestes, A., Rigozo, NR., Echer, E., Vieira, LEA. 2006. Spectral analysis of sunspot number
and geomagnetic indices (1868-2001). Journal of Atmospheric and Solar-Terrestrial
Physics, 68: 182-190.
Rabiu, AB. 2001. Seasonal Variability of Solar Quiet at Middle Latitudes. Ghana Journal of
Science, 41: 15-22.
Rabiu, AB. 2004. Semiannual variation of Geomagnetic Activity AK Index and its
Response to Solar Activity. Zuma Journal of Pure and Applied Sciences, 6 (1): 40-47.
Rabiu, AB., Nagarajan, N. and Saratchandra, K. 2007a. Rising and Decay Rates of Solar
Quiet Daily Variation and Electrojet at Equatorial Region. Online Journal of Earth
Sciences, 1 (2), 85-92. http://www.medwelljournals.com/fulltext/ojes/2007/85-92.pdf.
Rabiu, AB., Mamukuyomi, AI. and Joshua, EO. 2007b. Variability of equatorial ionosphere
inferred from geomagnetic field measurements. Bulletin of the Astronomical Society of
India, 35: 607 – 618.
Rastogi, RG. 2000. Disturbance Daily Variation of Electrojet Current at Indian Longitude
Sector. Journal of Atmospheric and Solar-Terrestrial Physics, 62: 695-700.
Russell, CT. and McPherron, RL. 1973. Semiannual variation of geomagnetic activity.
Journal of Geophysical Research, 78: 92–108.
Stamper, R., Lockwood, M., Wild, MN. and Clark, TDG. 1999. Solar causes of the long-
term increase in geomagnetic activity. Journal of Geophysical Research, 104(28): 325-342.
Szabo, A., Lepping, RP. and King, JH. 1995. Magnetic field observations of the 1.3-year
solar wind oscillation. Geophysical Research Letter, 22: 1845-1848.
Szabo, A., Lepping, RP., King, JH., Paularena, KI. and Richardson, JD. 1996. Twenty years
of interplanetary magnetofluid variations with periods between 10 days and 3 years, in
Proceedings of Solar Wind 8, (Winterhalter, D., Gosling, J., Habal, S., Kurth, W and
Arid Zone Journal of Engineering, Technology and Environment, June, 2019; Vol. 15(sp.i2):223-241. ISSN 1596-2490;
e-ISSN 2545-5818; www.azojete.com.ng
Corresponding author’s e-mail address: tunderabiu2@gmail.com
241
Neugebauer, M. eds). AIP Press, Dana Point,CA, USA, pp. 399.
Valde ´ s-Galicia, JF., Lara, A. and Mendoza, B. 2005. The solar magnetic flux mid-term
periodicities and the solar dynamo. Journal of Atmospheric and Solar-Terrestrial Physics,
67: 1697–1701.
Valdes-Galicia, JF., Perez-Enriquez, R. and Otaola, JA. 1996. The cosmic-ray 1.68-year
variation: A clue to understanding the nature of the solar cycle?, Solid Physics, 167: 409.
Vestine, E. 1947. The geomagnetic field, its description and analysis, Carnegie Institute,
Washington Publ., p580.
Zieger, B. and Mursula, K. 1998. Annual variation in near-Earth solar wind speed:
Evidence for persistent north-south asymmetry related to solar magnetic polarity.
Geophys. Res. Lett., 25: 841-844, 1998; correction of editorial errors in Geophysical
Research Letter, 25: 2653
